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I njectable corticosteroids have been used for musculoskeletal pathology for more than 50 years and remain an integral component of nonoperative treatment for many conditions. According to Hill et al, 1 more than 90% of 233 orthopedists surveyed from the American Academy of Orthopaedic Surgeons use steroid injections in their practice. 2 No specific, established guidelines exist for selecting steroid type or dose, although some studies have attempted to ascertain the current common practice among physicians. Centeno and Moore 3 surveyed 506 rheumatologists regarding their injection practices for the knee and discovered that more than 80% of respondents preferred 1 of 3 steroid preparations using doses ranging from less than 10 to 240 mg. However, the study did not specify whether these amounts are adjusted for the relative potency of the different steroid preparations. This variability seemed to be influenced by the geographical location of practice. 3 Although the study by Centeno and Moore 3 focused on the knee, injectable corticosteroids have also found widespread use in the upper extremity. 1 Skedros et al 4 compared parameters of shoulder girdle injections among orthopedic surgeons (n5105), rheumatologists (n520), and primary care sports medicine/physical medicine and rehabilitation physicians (n544). Although their study was underpowered for certain analyses, they found no significant differences in the dose of steroid (P..3) but found significant differences in the volume of local anesthetic used (P,.01). The local anesthetic concentration was not assessed. They also found that 41% of orthopedic surgeons, 44% of rheumatologists, and 29% of primary care sports medicine/ physical medicine and rehabilitation physicians exceeded the recommended dose of steroid injected into the acromioclavicular joint (10-40 mg methlyprednisolone acetate, 5-40 mg triamcinolone acetonide, 5-40 mg triamcinolone hexacetonide, or 1.5-6 mg betamethasone sodium phosphate and betamethasone acetate). 4 Despite being underpowered for some analyses, these data are indicative of the variability among practitioners.
Despite the widespread use of steroid injections in clinical practice, little research has focused on determining dosages to maximize efficacy and minimize toxicity. In preparation for a prospective study to address this issue, the authors investigated the injection practices of hand and upper-extremity surgeons. The hypothesis was that the variability suggested for other specialties would pertain to their cohort. Furthermore, the authors hypothesized that the rationale for these injection practices is not evidence based.
Materials and Methods
A survey (created and administered using SurveyMonkey) of upper-extremity steroid injection practices was distributed via e-mail to all active members of the American Society for Surgery of the Hand (ASSH) and American Shoulder and Elbow Surgeons (ASES). The survey was sent twice to maximize the response rate. The ASSH survey queried both the steroid and local anesthetic type, dose, and volume practitioners use for trigger finger, carpal tunnel syndrome, De Quervain's tenosynovitis, finger joint, lateral epicondylitis, subacromial space, glenohumeral joint, and acromioclavicular joint injections. The ASES survey was identical but limited to lateral epicondylitis, subacromial space, glenohumeral joint, and acromioclavicular joint injections. Both surveys asked the amount of time respondents were in practice, their geographical location, and their rationale for their injection practices. Statistical analysis was conducted with Stata version 11 statistical software (StataCorp, College Station, Texas).
A linear regression model was created to examine the relationship between Additional analyses used bivariate statistics, with chi-square testing, to determine whether steroid or local anesthetic type used by hand and shoulder surgeons varied by years in practice or geographic location. All bivariate analyses were repeated for each steroid type at each injection site. For all associations found to be significant in bivariate analysis, simple logistic regression was conducted to produce odds ratios and 95% confidence intervals. 
results
Of 2845 e-mails sent to ASSH members, 56 did not deliver, leaving 2789 successfully transmitted surveys; 724 (26%) responses were received. Two members were excluded: 1 who sees only pediatric patients and another whose e-mail address was a duplicate from 2 identical IP addresses.
Ninety-one (24%) of 378 members of the ASES responded. One was excluded because radiologists perform all injections at his institution. Respondent demographics are shown in Table 1 . Table 2 lists the most common volumes used for these injection sites. The range of volumes spanned up to a 32-fold difference. The preferred choice of steroid and local anesthetics for both societies can be seen in Figures 1 and 2 , respectively. Triamcinolone acetonide is the most commonly used steroid, and lidocaine is, by far, the preferred local anesthetic. Table 3 lists steroid dose equivalencies and relative anti-inflammatory potencies based on oral administration because equivalencies for injectable steroids were not found. Figure 3 shows the potencyadjusted steroid dose administered, al- Depending on the steroid, statistically significant differences existed in the mean potency-adjusted doses (Table 4) . [4] [5] [6] [7] [8] [9] [10] In general, respondents who used methylprednisolone acetate, triamcinolone acetonide, or triamcinolone hexacetonide tended to give a significantly lower potency-adjusted dose of steroid than those using betamethasone sodium phosphate and betamethasone acetate or dexamethasone sodium phosphate. Local anesthetic dose is represented in Figure 4 , with toxic doses reached by some respondents. Figure 5 shows the variability in the components used for trigger finger injections. Trigger finger injections were selected for detailed analysis because this site was injected most commonly.
The respondents were divided into groups by years in practice and geographic distribution. Although scattered statistically significant differences exist, they do not follow any overarching trends other than that practitioners with more than 15 years in practice were less likely to use lidocaine than those with fewer than 7 years of experience (P,.05).
American Society for Surgery of the Hand members gave significantly smaller adjusted doses than ASES members in the (Table 5) . Table 6 lists the respondents' rationale for their injection practices. Educated and experienced "word of mouth" (combining "learned in fellowship," "what colleagues use/advise," and "learned in residency") accounted for the rationale in 78% of ASSH respondents and 52% of ASES respondents.
discussion
This study shows great variability among members of ASSH and ASES in their injection practices for the upper extremity. For trigger finger injections alone, steroid doses span a 356-fold difference. Excluding outliers, even the range of most common doses spans an 8-fold difference. One explanation may be the type of steroid used; the results show significant differences between steroid types in the amount used. Each steroid formulation has a different relative potency; some physicians may be unaware of this and incorrectly assume that the same volume of different steroids provides equivalent doses.
The tremendous variability in dosing reveals the dearth of established standards for the various upper-extremity injections. Efforts have been made to determine optimal dosing for trigger finger injections. Two prospective studies, 1 of which was randomized, double-blind, and controlled, 11 showed that 20 mg of methylprednisolone acetate was effective. 12 Using the current study's conversion factor to account for its relative potency (Table 3) , the amount of steroid delivered in both studies would have been 5 adjusted milligrams. Comparing this with the doses used in the current study study, 204 (32% of the 633 who specified a dose) respondents used this dose, 178 (28%) used double the effective dose, and 60 (9%) used 3 or more times the effective dose.
With the knowledge that an average hand surgeon injects 50 trigger fingers per year and that 1036 members of the ASSH (37% of approximately 2800 current members) use more than twice this effective dose, by calculating the average cost of 1 adjusted milligram of steroid ($1.11 based on packaging from Henry Schein Inc (Indianapolis, Indiana), McGuff Company Inc (Santa Ana, California), and Moore Medical (Farmington, Connecticut), and assuming 5 adjusted milligrams ($5.54) is an effective dose for a trigger finger injection, it can be determined that $356,776 is spent unnecessarily each year. With increasing focus on health care expenditures, this may be one area where we can save.
That ASSH respondents with hand surgery training administer a lower potencyadjusted steroid dose for glenohumeral and acromioclavicular joint injections than ASES respondents with shoulder surgery training highlights the potential influence of clinical opinion over scientific reason. If their injection practices were based on scientific evidence, both groups would use comparable techniques. One limitation of the current study is that the distribution lists for each society were not cross-referenced to account for physicians with dual membership; however, if many physicians responded from both societies, one would expect the results between societies to be more similar rather than showing significant differences.
Twelve percent of ASSH respondents and 11% of ASES respondents listed avoiding specific risks as their rationale for their As we continue to establish standard recommendations for steroid injections, we may consider the following risk factors.
Neurotoxicity
Mackinnon et al 13 revealed that in rats, intra-fascicular injections of hydrocortisone and triamcinolone hexacetonide produced severe damage, methylprednisolone acetate and triamcinolone acetonide produced moderate damage, and dexamethasone sodium phosphate produced minimal damage. Despite these findings, the current study found that, for carpal tunnel injections where intrafascicular nerve injection is possible, of 665 respondents 13 (2%) use steroids (triamcinolone hexacetonide) that may cause severe damage to nerves, 347 (52%) use steroids (methylprednisolone acetate+triamcinolone acetonide) that may cause moderate damage, 73 (11%) use steroids (dexamethasone sodium phosphate) that may cause minimal damage, and 13 (2%) use no steroid in the carpal tunnel.
Chondrotoxicity of Local Anesthetics
Multiple studies have shown dose-and time-dependent chondrotoxicity of both 0.25% and 0.5% bupivacaine. [13] [14] [15] [16] In the current study, of the 624 respondents who perform finger joint (intra-articular) injections, 44 (7%) use 0.5% and 21 (3%) use 0.25% bupivacaine. Of 425 respondents who perform glenohumeral joint injections, 41 (9.6%) use 0.5% and 21 (4.9%) use 0.25% bupivacaine. Concern has also been raised about the dose-and time-dependent chondrotoxic effects of intra-articular lidocaine. 17 Of 624 respondents in the current study who administer finger joint injections, 63 (10%) use 2%, 396 (63%) use 1%, and 11 (1.8%) use 0.5% lidocaine. Of 425 respondents who perform glenohumeral joint injections, 37 (8.7%), 229 (54%), and 2 (0.5%) use 2%, 1%, and 0.5% lidocaine, respectively.
Taken together, 83% and 77% of respondents who perform finger and glenohumeral joint injections, respectively, use a local anesthetic concentration that has potential chondrotoxic effects (either 0.5% or 0.25% bupivacaine or 2% or 1% lidocaine). Of note, Dragoo et al 18 counter with the claim that 0.25% bupivacaine and 1% lidocaine do not cause significant chondrocyte death. Therefore, the safety of lower doses remains unclear, but evidence exists to suggest using them cautiously.
Chondrotoxicity of Steroids
Several studies have demonstrated chondrotoxicity of betamethasone sodium phosphate, betamethasone acetate, and triamcinolone acetonide. [19] [20] [21] In the current study, of 624 respondents from the ASSH who perform finger joint (intra-articular) injections, 434 (69.6%) use an agent that may be chondrotoxic (194 [31.1%] betamethasone acetate1240 [38.5%] triamcinolone acetonide). Fifty-three (8%) use dexamethasone sodium phosphate, which may be safe for intra-articular use. 20 Of the 425 respondents from the ASSH and ASES who inject the glenohumeral joint, 247 (58%) use potentially chondrotoxic steroids (96 [23%] betamethasone acetate1151 [36%] triamcinolone acetonide). Thirty-three (8%) use dexamethasone sodium phosphate.
Soft Tissue Depigmentation or Fat Atrophy
The pathogenesis of depigmentation and fat atrophy at the site of steroid injection is unknown; however, more water-soluble steroid formulations are thought to be less likely to cause such adverse effects. 22 This study shows significant variability in the steroid injection practices of upperextremity surgeons that is based more on clinical opinion than scientific evidence. This suggests the need for clinical studies to determine the optimal effective type and dose of steroid for various injections. This analysis could have significant costsaving and risk-reducing implications while maximizing the effectiveness of these treatments.
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